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Abstract
In a previous study, several histological alterations were found in the liver of gilthead seabream
. fed with a diet containing 30% soybean meal SBM . In the current study, SBM containing diets
. were supplemented with either potassium phosphate, zinc sulfate or phytase Aspergillus ficuum ,
or increasing the dietary ny3rny6 fatty acids ratio to meet that of a fish meal based diet. Diet
.  . composition did not affect fish growth, feed efficiency FE or protein productive value PER .
. Phosphorous supplementation significantly reduced hepatosomatic indexes HSI , although it did
not alter liver lipid content. Both phosphorous supplementation and correcting the dietary
ny3rny6 fatty acid ratio significantly altered the lipid and protein content in fish muscle. Only
these two treatments and principally the corrected dietary ny3rny6 fatty acid ratio, improved
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the liver histological alterations observed in fish fed with SBM based diets. q1998 Elsevier
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1. Introduction
In the last few years, there has been an increasing interest in the partial or complete
replacement of dietary fish meal by other protein sources, animal or plant, in aquaculture
feeds. Among feedstuffs of plant origin soybean meal is considered the most nutritive,
. being widely utilized in fish diets Lovell, 1988; Kaushik, 1989 . However, the inclusion
of soybean meal in fish diets has produced contradictory results mainly because of the
different heat treatments used to inactivate possible anti-nutritional factors from this
feedstuff, e.g., antitrypsin activity.
In a previous experiment with gilthead seabream, it was observed that an increase in
dietary level of soybean meal did not affect fish growth rate, however it did produce
alterations in liver histology when compared with fish fed with a fish meal-based diet
. Robaina et al., 1995 . In this previous study, both trypsin inhibitor activity and essential
amino acid imbalance were shown not to be the cause of the altered liver histology.
In addition to the above mentioned anti-nutritional factors, low availability of certain
 nutrients, such as carbohydrates Arnesen et al., 1989; Saini, 1989; Pongmaneerat and
. Watanabe, 1992 and minerals Hartman, 1979; Spinelli et al., 1983; Richardson et al.,
. 1985; Hilton, 1989; Hossain and Jauncey, 1991 have been reported to affect soybean
meal utilization by fish.
Two thirds of the soybean phosphorous is in the form of phytate phosphorous, which
. has low availability to fish Riche and Brown, 1993 , as these animals lack phytases
. which are required for its digestion Lall, 1979; Ogino et al., 1979 . In addition,
 presence of phytic acid in soybean meal seems to reduce the availability of zinc Spinelli
. et al., 1979; Snyder and Kwon, 1987 . This effect may be aggravated in the presence of
. excess dietary calcium Gatlin and Phillips, 1989 . The use of supplemental phytases in
fish diets to increase phytate solubility, thus allowing its digestion by phosphatases in
 the intestine, has been suggested to overcome this problem Campbell and Bedford,
. 1992 .
Finally, the fatty acid composition of lipid from soybean meal, rich in ny6 fatty
acid, could also affect liver lipid deposition in fish. The competition between ny3 and
ny6 fatty acids as substrates for different enzymes involved in lipid metabolism in fish
has been reported, suggesting the importance of the dietary ratio of ny3rny6 PUFA
.  . polyunsaturated fatty acids with more than 18 carbons Sargent et al., 1989 . One of the
main indications of this essential fatty acid imbalance is an increase in liver lipid
. deposition Takeuchi et al., 1979 .
The aim of the present study was to determine if supplemental phosphorous or zinc or
an increase in the ny3rny6 fatty acid ratio would prevent the appearance of the
histological alterations observed in gilthead seabream fed diets containing soybean meal.
In addition, one of the experimental diets was supplemented with phytases in order to() L. Robaina et al.rAquaculture 161 1998 281–293 283
increase the availability of phosphorous from soybean meal in diets for gilthead
seabream.
2. Materials and methods
2.1. Diets
. Sardine fish meal 69.58% crude protein, 8.35% lipid supplied by AGRAMAR, a
. local producer and hexane-extracted soybean meal 43.77% crude protein, 1.18% lipid
obtained from a local importer were used as the protein sources in the experimental
. diets. Antitrypsin activity of the soybean meal was determined Liu and Markakis, 1989
Table 1
Formulation and composition of the experimental diets
C S30 S30qP S30qZn S30qPhytase S30qny3rny6
Sardine fish meal 61.80 42.50 42.50 42.50 42.50 42.50
d Soybean meal y 29.60 29.60 29.60 29.60 29.60
Sardine oil 6.60 7.30 7.30 7.30 7.30 8.00
Corn starch 12.07 12.07 8.01 12.07 12.07 12.07
Dextrin 4.03 4.03 2.68 4.03 4.03 4.03
a Vitamins 2.00 2.00 2.00 2.00 2.00 2.00
be e Minerals 2.00 2.00 1.32 2.00 2.00 1.32
c CMC 0.50 0.50 0.50 0.50 0.50 0.50
a-Cellulose 11.00 yy y y y
f wx PK H P O yy 6.10 yy y 24
f wx Zn ZnSO P7H O yyy 0.03 yy 42
f Phytases yyy y 0.02 y
. Composition % dry weight
Moisture 7.78 6.65 7.49 6.77 7.99 6.59
Crude protein 44.78 47.99 48.47 48.22 48.38 47.11
Crude lipid 11.17 11.00 11.00 10.98 10.81 11.01
Sny3 fatty acids 4.25 3.98 yy y 4.19
Sny6 fatty acids 0.47 0.74 yy y 0.40
ny3rny6 ratio 9.09 5.39 yy y 9.00
Ash 10.93 10.44 15.70 10.70 10.26 10.35
Fibre 13.00 4.96 4.38 4.89 5.05 4.77
g Carbohydrates 20.12 25.61 20.45 25.21 25.50 26.76
. Gross Energy kJrg 19.01 19.39 18.40 18.82 19.42 19.31
a . Vitamin premix grkg or IUrkg of dry diet : thiamin 40 mg, riboflavin 50 mg, pyridoxine 40 mg, calcium
pantothenate 117 mg, nicotinic acid 200 mg, biotin 1 mg, folic acid 10 mg, cyanocobalamin 0.5 mg, choline
chloride 2700 mg, inositol 600 mg, ascorbic acid 1000 mg, alpha tocopherol 250 mg, menadione 20 mg,
cholecalciferol 2000 IU, ethoxiquin 100 mg, retinol acetate 5000 IU.
b . Mineral premix grkg of dry diet : calcium orthophosphate 1.6 g, calcium carbonate 4 g, ferrous sulfate 1.5
g, magnesium sulfate 1.6 g, potassium phosphate 2.8 g, sodium phosphate 1 g, aluminum sulfate 0.02 g, zinc
sulfate 0.24 g, copper sulfate 0.20 g, manganese sulfate 0.08 g, potassium iodate 0.02 g.
cCarboxymethyl cellulose.
dSoybean meal re-extracted with chloroform.
eMinerals mix without a-cellulose.
fAmount added instead of the a-cellulose in the mineral premix.
g . Calculated by difference 100-rest ingredients .() L. Robaina et al.rAquaculture 161 1998 281–293 284
. to be less than 3 TIA mg of inhibited trypsin per g of soybean meal , a value which is
. considered acceptable for inclusion in fish diets Akiyama, 1988 . Sardine oil was used
as the lipid source and corn starch and dextrin in a proportion of 3:1 were used as
carbohydrate sources.
. Six experimental diets were prepared: Diet 1 C , positive control, where sardine fish
. meal was the only protein source; Diet 2 S30 , negative control, where 30% of the fish
. meal protein was replaced by soybean meal protein; Diet 3 S30qP , where diet 2 was
supplemented with P in the form of KH PO up to the theoretical available P level in 24
 diet 1 it was assumed that approximately 70% of the phosphorus from the fish meal
. .  . NRC, 1983 was available for the fish, Hepher, 1988 ; Diet 4 S30qZn , where diet 2
was supplemented with Zn in the form of ZnSO 7H O at a level of 200 mgrkg diet; 42
. Diet 5 S30qphytase , where diet 2 was supplemented with an amount of exogenous
. phytases SIGMA P-9792 estimated to release P from the dietary phytic acid; Diet 6
. S30qny3rny6 , where the ny3rny6 fatty acid ratio of diet 2 was adjusted to
be similar to that of diet 1. The latter was achieved by extracting the commercial
hexane-extracted soybean meal with chloroform in order to remove residual lipids, as
this solvent does not extract phytic acid. Table 1 shows the formulation and composition
of the experimental diets, including total lipid, ny3 and ny6 fatty acid composition.
Dietary essential amino acid profiles were calculated and compared with the essential
amino acid profile of gilthead seabream fingerlings as a reference of dietary require-
. ments for amino acids NRC, 1983; New, 1986; Moyano, 1990; Vergara, 1992 . As a
result, no supplemental amino acids were added to the diets.
. Mixed ingredients were pelleted in a 2 HP Mobba, Milano, Italy pellet mill with a 3
mm die. The pellets were dried and stored in a freezer at y208C until used.
2.2. Experimental conditions
. Gilthead seabream Sparus aurata juveniles of 50 g mean body weight were
randomly stocked at 15 fish per 100-l tank, three tanks per treatment, after an
. acclimatation period of 2 weeks. Natural seawater 18.4"0.458C entered each tank at a
rate 1 lrmin; mean values for dissolved oxygen and pH during the experimental period
were 7.25"0.65 mgrl and 7.8"0.2, respectively. Each diet was fed to satiation four
times per day, 6 days per week. The feeding trial was conducted for 75 days; the
experimental period was extended to 90 days for fish fed with diets 1 and 2 in order to
assess differences in fish growth.
2.3. Biochemical analysis
. Crude protein %N=6.25 was determined by the Kjeldahl method and total lipid by
. petroleum ether extraction Soxhlet technique . Gross energy content of the diets was
. determined using an IKA oxygen bomb calorimeter Heitersheim, Germany . Gross
. energy content of the fish was calculated using theoretical indices Brafield, 1985 .
. Lipids were extracted as described by Folch et al. 1957 and fatty acid analysis of
. total lipids were carried out as described in Izquierdo et al. 1990 .(
)
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Table 2
Growth, nutrient utilization and hepatosomatic indices of fish fed with the experimental diets1
C S30 S30qP S30qZn S30qphytase S30qny3rny6
. Mean initial body weight g 52.31"9.72 51.78"8.33 51.09"9.54 50.56"9.85 52.60"9.81 51.93"8.49
. Mean final body weight g 87.68"14.00 85.95"13.99 79.65"15.65 82.35"13.66 86.96"15.36 86.14"12.93
. Weight increase %initial weight 67.73"7.33 65.84"5.59 55.94"2.73 62.69"6.74 65.77"5.02 66.01"5.71
baaaa a . Feed intake g 1411.10"40.20 1095.57"73.22 1042.57"59.14 1119.63"68.59 1153.67"86.34 1125.20"44.69
ba aaa ba . Protein intake g 583.27"18.73 490.83"32.81 467.50"26.52 502.50"30.67 513.50"38.45 495.20"19.66
FE 0.41"0.05 0.50"0.05 0.45"0.04 0.46"0.06 0.49"0.03 0.49"0.05
PER 0.92"0.11 1.04"0.10 0.92"0.08 0.94"0.12 1.01"0.07 1.04"0.11
bbabb a b HSI 1.82"0.08 1.59"0.05 1.30"0.17 1.67"0.03 1.58"0.12 1.57"0.07
1 . Values in the same row with different superscript are significantly different P-0.05 .() L. Robaina et al.rAquaculture 161 1998 281–293 286
Table 3
. 1 Muscle composition of fish fed the experimental diets gr100 g dry weight
C S30 S30qP S30qZn S30qPhytase S30qny3rny6
ab b c ab b a Protein 73.88"1.41 75.31"1.99 79.26"2.81 74.06"1.36 75.24"0.80 72.06"0.77
cba c b c d Lipid 19.86"0.91 17.57"1.82 15.40"0.84 20.09"1.37 18.87"0.85 22.89"0.84
bc cd d b bcd a Ash 5.22"0.12 5.51"0.13 5.55"0.05 5.14"0.10 5.28"0.35 4.78"0.12
ab abc c ab bc a Moisture 71.83"1.42 72.28"1.37 73.56"0.73 71.30"0.76 72.48"1.03 70.88"1.21
1 . Values in the same row with different superscript are significantly different P-0.05 .
2.4. Histological studies
At the end of the experiment, livers from five fish from each tank were weighed for
hepatosomatic index and fixed in 10% neutral-buffered formalin. Samples were stained
. with hematoxylin and eosin and periodic acid-Schiff PAS for histological examination
. Martoja and Martoja-Pierson, 1970 .
2.5. Statistical analysis
In both experiments all the data were subjected to One-way analysis of variance
. ANOVA and differences between means compared by the Tukey test at a 95% interval
. of confidence P-0.05 .
3. Results
3.1. Growth performance and nutrient utilization
All experimental diets were well accepted by the fish, except Diet 3 at the beginning
of the experiment. Table 2 shows the growth performance and nutrient utilization of the
experimental diets. There were no significant differences in final body weights among
fish fed with the various treatments. After 90 days, weight gains of fish fed with Diets 1
and 2 were 90.70 and 91.58%, respectively.
When comparing total feed and protein intake of fish, only those fed with Diet 1 was
significantly higher than the other treatments. Feed efficiency and protein efficiency
ratio values were very similar for all treatments.
Hepatosomatic index values were markedly affected by the different treatments. The
addition of P in diet S30 resulted in significantly lower liver weights.
Table 4
. 1 Liver composition of fish fed the experimental diets gr100 g dry weight
C S30 S30qP S30qZn S30qPhytase S30qny3rny6
Lipid 18.12"1.57 17.10"2.92 15.97"2.51 16.10"0.69 16.81"1.90 17.00"1.90
aabaa a Moisture 69.48"1.24 70.87"1.37 73.52"1.09 71.17"0.36 71.01"0.84 71.08"0.75
1 . Values in the same row with different superscript are significantly different P-0.05 .() L. Robaina et al.rAquaculture 161 1998 281–293 287
3.2. Fish composition
Composition of fish muscle after the experiment is shown in Table 3. In general,
values were similar for fish fed with Diets 1 and 2, except for significantly higher lipid
. . . Fig. 1. Hepatic and pancreatic tissue of fish fed the experimental diets: a control diet; b diet S30; c diet
. . . S30qP; d diet S30qZn; e diet S30qphytase; f diet S30qny3rny6.() L. Robaina et al.rAquaculture 161 1998 281–293 288
. Fig. 1 continued .
content for the positive control diet. When comparing diets containing soybean meal,
muscle composition was very similar for fish fed with Diets 2 and 5. On the contrary,
feeding Diet 6 produced an increase in lipid and a decrease in protein content of muscle
compared to feeding Diet 2, while feeding Diet 3 resulted in a significant decrease in() L. Robaina et al.rAquaculture 161 1998 281–293 289
. Fig. 1 continued .
lipid and an increase in protein content. Muscle lipid content ranged from approximately
15% in fish fed with Diet 3 to 22% in fish fed with Diet 6.
Liver composition of fish fed with the different experimental diets is shown in Table
4. Values for fish fed with Diet 2 were only affected when soybean meal was
. supplemented with P Diet 3 , with significantly higher moisture values.() L. Robaina et al.rAquaculture 161 1998 281–293 290
3.3. Histological studies
Liver samples from fish fed with the different dietary treatments were compared with
. those from fish fed the positive control diet Fig. 1a which showed a normal histology.
.  . As previously reported Robaina et al., 1995 , Diet 2 S30 produced livers with areas
of hepatocyte nucleus polarization, as well as lipid vacuolization and isolated necrosis
. .  Fig. 1b . Only Diet 6 Fig. 1f and to a lesser extent Diet 3 Fig. 1c, small lipid deposits
. and condensed cytoplasm in generally small hepatocytes , seemed to improve the liver
. histological alterations observed in fish fed with Diet 2 S30 .
. . Supplementation of Diet 2 with Zn Fig. 1d and phytases Fig. 1e produced similar
liver histological alterations to those found in fish fed with Diet 2. PAS-positive staining
was much more intense for Diet 3 than for the other treatments, including the positive
control diet.
4. Discussion and conclusions
Results for growth and nutrient utilization of all diets containing 30% soybean meal
were similar to those from the control fish meal diet, as previously reported for this
. species Robaina et al., 1995 . Similarly, no significant differences were found among
hepatosomatic indexes, except that statistically lower values were observed in fish fed
. with Diet 3 S30qP . This may be related to an altered lipid and protein metabolism in
fish fed with the other diets which had a lower P availability and subsequent higher liver
. lipid deposition, thus increasing the HSI values. Sakamoto and Yone 1978 and
. Sakamoto 1981 have observed a similar effect of supplemental P in red seabream.
These workers also reported an increase in liver lipid content associated with an increase
in liver size. In the current study, the addition of P to the diet produced a slight decrease
in liver lipid, although not significant.
The composition of fish muscle at the end of the experiment showed a reduction in
. lipid for those fish fed with Diet 2 S30 as compared to the control diet. This is in
. agreement with results reported by Richardson et al. 1985 for salmon, Hossain and
. . Jauncey 1991 for carp and Pfeffer and Beckmann 1991 for trout. This effect can be
explained by a reduction in dietary digestible energy due to the carbohydrates in the
. . soybean meal. Lee and Putman 1973 and Kaushik et al. 1989 have also found a
decrease in trout body lipid content when digestible energy of the diets was reduced.
The addition of Zn and phytases to Diet 2 did not alter its nutrient utilization and
 produced similar histological characteristics. The level of Zn in this diet 200 mgrkg
. diet , has been reported to be adequate for channel catfish, even in the presence of high
. dietary phytate Gatlin and Phillips, 1989 and is not considered as a toxic level for fish
. Wekell et al., 1983 . The fact that the water temperature during the experiment was
. below the optimum considered for the action of phytases 35–408C , may explain the
 lack of any positive effect of this diet, as reported by other authors Spinelli et al., 1979;
. Brown, 1991; Schafer et al., 1994; Cain and Garling, 1995 . ¨
Histological results showed morphological differences in the hepatopancreatic
parenchyma between fish fed the control diet and the S30 diet, as previously reported in() L. Robaina et al.rAquaculture 161 1998 281–293 291
. this species Robaina et al., 1995 . These differences seemed to be more related to the
distribution of lipids within the hepatopancreatic tissue than to different lipid content,
since no significant difference in liver total lipid content was found. Similarly, Alexis et
. al. 1985 found that increased levels of soybean meal in diets for trout did not produce
biochemical liver alterations. On the contrary, other authors have reported a decrease in
 liver lipid content in yellowtail fed soybean meal-containing diets Watanabe et al.,
. 1992; Shimeno et al., 1993 .
. The lower ny3rny6 fatty acid ratio in Diet 6 S30qny3rny6 may have
improved the utilization of liver lipids, thus reducing liver histological alterations. This
effect could be associated to a more favourable ny3rny6 fatty acid ratio in
.  . phospholipids PL of the hepatic membranes, affecting its function Bell et al., 1986 .
In addition, the higher ratio of dietary essential polyunsaturated fatty acids may have
produced an inhibitory effect on hepatic lipogenesis, as has been demonstrated for other
. vertebrates Jeffcoat et al., 1979; Sargent et al., 1989 .
In summary, only the increase in the ny3rny6 fatty acid ratio and P supplementa-
tion reduced liver lipid deposits around the pancreatic tissue, the level of hepatocyte
vacuolization and the isolated points of necrosis observed in liver of gilthead seabream
fed with diets containing high levels of soybean meal.
Acknowledgements
This study was partially supported by a grant from the University of Las Palmas de
Gran Canaria.
References
Akiyama, M., 1988. Soybean Meal Utilization in Fish Feeds. American Soybean Association, 1988, 15 pp.
 Alexis, M.N., Papaparaskeva, E., Theochari, V., 1985. Formulation of practical diets for rainbow trout Salmo
. gairdneri made by partial or complete substitution of fish meal by poultry by-products and certain plant
by-products. Aquaculture 50, 61–73.
Arnesen, P., Brattas, L.E., Olli, J., Krogdahl, A., 1989. Soybean carbohydrates appear to restrict utilization of
.  . nutrients by Atlantic salmon Salmo salar L. . In: Takeda, M., Watanabe, T. Eds. , The Current Status of
Fish Nutrition in Aquaculture, Tokyo Univ., Fisheries, Tokyo, pp. 273–280.
Bell, M.V., Henderson, R.J., Sargent, J.R., 1986. The role of polyunsaturated fatty acids in fish. Comp.
Biochem. Physiol. 83B, 711–719.
. Brafield, A.E., 1985. Laboratory studies of energy budgets. In: Tytler, P., Calow, P. Eds. , Fish Energetics
New Perspectives. Croom Helm, London. pp. 257–307.
Brown, P.B., 1991. Comparison of fecal collection methods for determining phosphorus absorption in rainbow
.  . trout. In: Kaushik, S.J., Luquet, P. Eds. , Fish Nutrition in Practice Les Colloques, no. 61 , INRA, Paris,
pp. 443–447.
Cain, K.D., Garling, D.L., 1995. Pretreatment of soybean meal with phytase for salmonid diets to reduce
phosphorus concentrations in hatchery effluents. Prog. Fish-Cult. 57, 114–119.
Campbell, G.L., Bedford, M.R., 1992. Enzyme applications for monogastric feeds: a review. Ann. J. Anim.
Sci. 72, 449–466.() L. Robaina et al.rAquaculture 161 1998 281–293 292
Folch et al., 1957.
Gatlin, D.M. III, Phillips, H.F., 1989. Dietary calcium, phytate and zinc interactions in channel catfish.
Aquaculture 79, 259–266.
Hartman, G.H., 1979. Removal of phytate from soy protein. J. Am. Oil Chem. Soc. 56, 731–735.
Hepher, B., 1988. Nutricion the peces comerciales en estanques. Limusa Ed., Mexico, 1988, 406 pp. ´´
Hilton, J.W., 1989. The interaction of vitamins, minerals and diet composition in the diet of fish. Aquaculture
79, 223–244.
Hossain, M.A., Jauncey, K., 1991. The effect of varying dietary phytic acid, calcium and magnesium levels on
. the nutrition of common carp, Cyprinus carpio. In: Kaushik, S.J., Luquet, P. Eds. , Fish Nutrition in
. Practice Les Colloques, no. 61 , INRA, Paris, pp. 705–715.
Izquierdo, M.S., Takeuchi, T., Arakawa, T., Kitajima, C., Watanabe, T., 1990. Optimum EFA levels in
. Artemia to meet the EFA requirements of red sea bream Pagrus major . In: Takeda, M., Watanabe, T.
. Eds. , The Current Status of Fish Nutrition in Aquaculture. Japan Translation Center, Tokyo, pp.
221–232.
Jeffcoat, R., Roberts, P.A., James, A.T., 1979. Eur. J. Biochem. 101, 447–453.
Kaushik, S.J., 1989. Use of alternate protein sources for intensive rearing of carnivorous fish. In: Shiau, S.-Y.
. Ed. , Progress in Fish Nutrition. Proceedings of the Fish Nutrition Symp. Keelung, Taiwan, ROC, Sept.
6–7, 1989. Marine Food Science Series no. 9, pp. 183–200.
Kaushik, S.J., Medale, F., Faunconneau, B., Blanc, D., 1989. Effect of digestible carbohydrate on proteinren-
. ergy utilization and on glucose metabolism in rainbow trout Salmo gairdneri R. . Aquaculture 79, 63–74.
. Lall, S.P., 1979. Minerals in finfish nutrition. In: Halver, J.E., Tiews, K. Eds. . Proc. World Symp. on Finfish
Nutrition and Fishfeed Technology, Hamburg. Vol. I, Heenemann, Berlin, pp. 85–97.
Lee, D.J., Putman, G.B., 1973. The response of rainbow trout to varying P:E ratios in a test diet. J. Nutr. 103,
916–922.
Liu, K., Markakis, P., 1989. An improved calorimetric method for determining antitryptic activity in soy bean
products. Am. Assoc. Cereal Chem. 66, 415–422.
Lovell, R.T., 1988. Use of soybean products in diets for aquaculture species. J. Aquat. Products 2, 27–52.
Martoja, R., Martoja-Pierson, M., 1970. Tecnicas de Histologıa Animal. Toray-Masson, Barcelona, 350 pp. ´´
 Moyano, F.J., 1990. Utilizacion nutritiva de fuentes proteicas vegetales por la trucha arco iris Oncorhynchus ´
. mykiss . Tesis Doctoral, Univ. de Granada, 236 pp.
New, M.B., 1986. Aquaculture diets of postlarval marine fish of the superfamily Percoidae, with special
reference to sea bass, sea breams, groupers and yellowtail: a review. Kuwait Bull. Mar. Sci. 7, 75–148.
. NRC National Research Council , 1983. Nutrient Requirements of Warmwater Fishes and Shellfishes.
National Academy Press, Washington, DC, 102 pp.
Ogino, C., Takeuchi, L., Takeda, H., Watanabe, T., 1979. Availability of dietary phosphorus in carp and
rainbow trout. Bull. Jpn. Soc. Sci. Fish. 45, 1527–1532.
Pfeffer, E., Beckmann, J., 1991. Hydrothermically treated soy beans as source of dietary protein for rainbow
. trout Salmo gairdneri, R. . Arch. Anim. Nutr., Berlin 41, 223–228.
Pongmaneerat, J., Watanabe, T., 1992. Utilization of soybean meal as protein source in diets for rainbow trout.
Nippon Suissan Gakkaishi 58, 1983–1990.
Richardson, N.L., Higgs, D.A., Beames, R.M., McBride, J., 1985. Influence of dietary calcium, phosphorus,
zinc and sodium phytate level on cataract incidence, growth and histopathology in juvenile chinook salmon
. Oncorhynchus tshawytscha . J. Nutr. 115, 553–567.
Riche, M., Brown, P.B., 1993. Determination of phosphorus absorption coefficients for rainbow trout
. Oncorhynchus mykiss fed commercially used protein sources. Abstract of the World Aquaculture ’93.
Torremolinos, Spain, May 26–28, 1993, p. 258.
Robaina, L., Izquierdo, M.S., Moyano, F., Socorro, J., Vergara, J.M., Montero, D., Fernandez-Palacios, H., ´
. 1995. Soybean and lupin seed meals as protein sources in diets for gilthead seabream Sparus aurata :
nutritional and histological implications. Aquaculture 130, 219–233.
. Saini, H.S., 1989. Legumes seeds oligosaccharides. In: Huisman, J., Van der Poel, T.F.B., Liener, I.E. Eds. ,
Recent Advances of Research in Anti-nutritional Factors in Legume Seeds. Pudoc. Wageningen, pp.
329–341.
Sakamoto, S., 1981. Requirements and deficiency symptoms of dietary minerals in red sea bream. Report of
Fish. Res. Lab., Kyushu Univ. Vol. 5, pp.1–99.() L. Robaina et al.rAquaculture 161 1998 281–293 293
Sakamoto, S., Yone, Y., 1978. Effect of dietary phosphorus level on chemical composition of red sea bream.
Bull. Jpn. Soc. Sci. Fish. 44, 227–229.
. Sargent, J., Henderson, R.J., Tocher, D.R., 1989. The lipids. In: Halver, J.E. Ed. , Fish Nutrition. Academic
Press, San Diego, pp. 154–218.
Schafer, A., Koppe, W.M., Meyer-Burgdorff, K.-H., Gunther, K.D., 1994. Effects of microbial phytase on the ¨¨
utilization of native phosphorus in a soybean meal based diet in carp. Abstract, II Intern. Symp. on
Nutritional Strategies and Management of Aquaculture Waste. April 24–27, 1994, Aalborg, Denmark.
Shimeno, S., Kumon, M., Ando, H., Ukawa, M., 1993. The growth performance and body composition of
young yellowtail fed with diets containing defatted soybean meal for a long period. Nippon Suissan
Gakkaishi 59, 821–825.
Snyder, H.E., Kwon, T.W., 1987. Soybean Utilization. Van Nostrand-Reinhold, New York, 346 pp.
Spinelli, J., Mahnken, C., Steinberg, M., 1979. Alternate sources of protein for fish meal in salmonid diets. In:
. Halver, J.E., Tiews, K. Eds. , Proc. World Symp. on Finfish Nutrition and Fishfeed Technology,
Hamburg. Vol. II, Heenemann, Berlin, pp. 131–142.
 Spinelli, J., Houle, C.R., Wekell, J.C., 1983. The effect of phytates on the growth of rainbow trout Salmo
. gairdneri fed purified diets containing varying quantities of calcium and magnesium. Aquaculture 30,
71–83.
Takeuchi, L., Takeda, H., Watanabe, T., 1979. Availability of dietary phosphorus in carp and rainbow trout.
Bull. Jpn. Soc. Sci. Fish. 45, 1527–1532.
 Vergara, J.M., 1992. Studies on the utilization of dietary protein and energy by gilthead sea bream Sparus
. aurata . PhD thesis, Univ. Stirling, 162 pp.
Watanabe, T., Viyakarn, V., Kimura, H., Ogawa, K., Okamoto, N., Iso, N., 1992. Utilization of soybean meal
as a protein source in a newly developed soft-dry pellet for yellowtail. Nippon Suissan Gakkaishi 58,
1761–1773.
Wekell, J.C., Shearer, K.D., Houle, C.R., 1983. High zinc supplementation of rainbow trout diet. Prog. Fish
Cult. 48, 205–212.